calculated and the chi-squared test was applied to compare the responses of two domains. This is a cross-sectional contemporary cohort study.
Results: VEMP in the time domain was recorded by unilateral stimulation and capture, with adequate morphology, in 88.88% of the ears. In the frequency domain test, a steady-state peak was found in 30 of the 36 tests (83.33%). The chi-squared test and odds ratio calculation showed a strong relationship between the two domains. Conclusion: There is a significant association between the VEMP tests in the time and frequency domains, a finding that suppports its use in clinical practice. 
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INTRODUCTION
Ever since its first description in 1992 (1) , the vestibular evoked myogenic potential (VEMP) became a complementary test of vestibular function. The VEMP is a muscle reflex, evoked by stimulation of the cervical vestibular pathway (normally with loud sound) (2) (3) (4) and recorded by electrodes placed on the sternocleidomastoid muscle (5) . This test assesses the integrity of the saccule and inferior vestibular nerve, information not obtained by traditional vestibular assessment, such as vector eletronystagmography (6) .
VEMP waves are highly reproducible, irrespective of sternocleidomastoid stimulation being unilateral or bilateral, or whether capture takes place at different moments. Thus, the VEMP can be used clinically, with numerous applications in the diagnosis of vestibular disorders (7) . The biological signals of VEMP are traditionally analyzed in the time domain. Most of the time recording is made in the form of a wave, which represents the variation in electrical potential over time. However, signal errors and abnormalities in this domain hinder interpretation and the test depends exclusively on the knowledge and experience of the examiner. In order to obtain more relevant information and eliminate interferences, signal processing techniques, such as the Fourier Transform, can be used to observe the event in the frequency rather than the time domain (8) .
The promising steady-state technique assesses auditory potentials in the frequency domain. Modulating tones can be applied to both ears simultaneously, and the response analyzed by the Fast Fourier Transform, associated to statistical techniques (9, 10) . This is a much faster and more accurate test, in terms of compromised frequencies (11) . Studies conducted on the use of the steady-state technique to detect the VEMP found that this test, as well as auditory evoked potential, can also be performed in the frequency domain (7, 12) . In addition to early detection of inferior vestibular nerve disorders, it favors a more accurate diagnosis in a shorter time frame and independent of the examiner's interpretation (7) . In the time domain, the response is recorded and analyzed by selecting peaks and assessing amplitudes and latencies. In the frequency domain, analysis is based on the amplitude and phase of the response for each peak of the frequency spectrum (13, 14) . Thus, the aim of this study was to determine whether there is an association between the vestibular evoked myogenic potential in the time and frequency domains.
METHODS
The study was approved by the Research Ethics Committee of the Universidade Estadual de Ciências da Saúde de Alagoas (UNCISAL), under protocol no. 990/09, and all participants gave their informed consent.
The professors, students and employees of public and private universities in the city of Maceio, Brazil were informed of the study. The subjects appeared spontaneously at the study site and received no financial contribution for taking part in the experiment. However, they did receive a copy of the auditory and vestibular assessment.
A total of 18 individuals (36 ears) participated in the study, 6 men and 12 women, selected according to the following inclusion criteria: aged between 18 and 35 years and auditory threshold less than or equal to 20 dBNA, with frequency differences between the ears less than or equal to 10 dB. Exclusion criteria were exposure to occupational or leisure noise, middle or inner ear surgery, more than three middle ear infections, use of ototoxic medication, presence of systemic alterations, such as diabetes and hypertension, that could contribute to vestibularcochlear pathologies, hormonal alterations, ringing in the ears, vertigo, dizziness, or other vestibular-cochlear disturbances.
First, a questionnaire regarding general health and auditory and vestibular function was applied to screen the participants (Appendix 1). The following procedures were then carried out: otoscopy, pure-tone threshold audiometry and VEMP in the time and frequency domains.
The VEMP tests were carried out with a specific device, denominated the analyzer of evoked potentials in the time and frequency domains (AEPTFD). Developed at two public universities the APEDTF is composed of biological amplifiers, filters, electrical protection system and a logic system to investigate the VEMP.
Surface electrodes, placed on previously cleaned skin, the positive electrode on the middle third of the sternocleidomastoid muscle (SCM) ipsilateral to stimulation, were used to record potentials. The negative electrode was positioned at the level of the tendon, just above the clavicle, and the ground electrode on the frontal midline. During recording of the SCM muscle, the patient remained sitting, with maximum lateral rotation of the head toward the side contralateral to the stimulus.
In VEMP testing in the time domain, 200 tone burst stimuli were promediated at a frequency of 500 Hz, stimulation rate of 40.8 stimuli/s at an intensity of 95 dBNAn, presented through ER3A earphones equipped with disposable foam tips. A passband filter, configured between 5 and 1000 Hz, showing from 10 to 25 μV per division, was used. The recordings were made in 40 ms windows, sufficient time to include all the responses (15, 16) . To interpret the findings, the responses were analyzed by two authors/evaluators, using morphology and demarcating p13 and n23 waves by the latencies of the first positive and negative peaks. Discrepancies exhibited by the authors/evaluators were resolved by a third author/evaluator.
To capture VEMP in the frequency domain, 200 stimuli consisting of pure tones of 500 Hz (carrier frequency) were promediated, modulated to 90% of their amplitude potencies, at a frequency of 40 Hz, and presented through ER 3A insert earphones. The recordings were taken in 100 Hz frames.
For VEMP analysis in the frequency domain, the frequency potencies acquired by Fast Fourier Transform were promediated 200 times and subsequently analyzed using the magnitudesquared coherence (MSC) statistical method in order to confirm the responses.
The choice of modulator for the test in the frequency domain was based on the responses obtained in the assessment of steady-state auditory evoked potentials. For this test, the modulation rate of 40 Hz results in responses with higher wave amplitude (17) . Moreover, this modulation frequency is equivalent to an observation of 25 ms in the time domain, appropriate for assessing VEMP, which has a late wave component (≈ 23 ms) (6) . During VEMP in the frequency domain, the equipment exhibited the following characteristics for processing this type of signal: conversion of digital and analog signals at a sampling rate of 44.1 kHz and resolution of 16 bits; digitalanalog conversion, conducted at an acquisition frequency of 2.75 kHz, exactly 1/16 of the signal generation rate in order to ensure fast Fourier transform of up to 1.3 kHz, also with a resolution of 16 bits.
Statistical method
The data were tabulated and processed by Predictive Analytics Software (PASW® STATISTIC), version 17.0. A tabular and graphical presentation of the average of standard deviations and percentages was used.
Odds ratio and the chi-squared test were applied to confirm that the percentages of responses between domains were statistically similar.
RESULTS
VEMP in the time domain was recorded using stimulation and unilateral capture, with adequate morphology, in 88.88% of the ears, and a stimulation rate of 40.8 stumuli/s, with tone burst stimulus at a frequency of 500 Hz.
In the mapping of the test, waves were marked, determining absolute latencies and amplitudes of p13 and n23 (Table 1) .
During the test in the frequency domain, a steady-state peak was recorded in 30 (83.33%) of the 36 tests. One person (two tests) from this sample exhibited responses only in the time domain and two others (four tests) had no responses in any of the domains assessed.
The chi-squared test, conducted to compare the presence and absence of responses between the two domains, showed that the small numerical differences were significant; that is, when responses were present in the time domain, they were also present in the frequency domain (Tables 2 and 3 ).
The odds ratio showed an association between the presence of p13 and n23 waves of the VEMP in the time domain and the presence of a steady-state peak of the VEMP in the frequency domain, with an odds ratio value of 18 and 10, respectively. In other words, with the presence of the wave in time (p13), a peak in the steady-state test is 18 times more likely, and in the presence of the n23 wave, there is ten times more probability of the steady-state peak (Table 4) .
DISCUSSION
Analyses of the responses obtained in this sample demonstrated that it is possible to consistently record the p13 and n23 waves in the time domain, exhibiting similar results to other studies (15, 18) . With respect to the absence of responses in the two domains, observed in four tests, we can establish two hypotheses: the first is that the two subjects in question showed vestibular alterations during some part of the cervical-vestibular reflex trajectory (16, 19) ; the second considers the external factors involved in assessing the potential, such as the presence of errors that may have caused the absence of responses, or alterations in the wake state of the patient (9) . In relation to the association between the two domains, it can be inferred, based on the findings of the present study and those contained in the literature, that there is a strong relationship between the two domains, confirming that VEMP can be conducted in the frequency domain without losing the information required for vestibular assessment (10, 11) . Establishing an analogy with the steady-state auditory evoked potential (SSAEP), the greatest advantage of the VEMP in the frequency domain is the objective way of assessing responses, which can be done automatically with software. This decreases the likelihood of diagnostic errors, especially at slightly lower intensities, since the subjective interpretation by a professional visually evaluating the results is no longer necessary (8, 9) . Furthermore, the use of this technique does not require patients to be sedated and offers the possibility of simultaneously exploring several frequencies, without significantly increasing assessment time (9, 13) . A number of authors report that the use of VEMP in the time domain in individuals with normal hearing has limited clinical applicability, due to significant sound exposure during the test (11, 20) . Another contraindication would be that individuals complaining of ringing in the ears would not be submitted to the test, since it could worsen symptoms (11) . However, the VEMP in the frequency domain, a faster test, minimizes these contraindications. Moreover, it can assess several frequencies simultaneously, demonstrating its usefulness in evaluating saccular function, enabling early diagnosis of Ménière's disease (21) .
Finally, in VEMP assessment, the p13 and n23 peaks do not represent the trajectory of the potential through vestibular pathway structures, as occurs in the Brainstem Auditory Evoked Potentials (BAEP) with waves I to V in the corresponding pathway (16) . Thus, the VEMP in the frequency domain does not lose temporal information, which helps identify the origin of the interruption in nerve transmission (21) .
CONCLUSION
There was a strong association between VEMP tests in the time and frequency domains, which enables its use in clinical practice. 
